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Some Experiments touching Animals, made in the Air- 
pump by the Perfons formerly mentioned,viz.Mon- 

l&mpm Numb. 62 R eur Hugens and. M. Papin II. 

and 63 tf theft J & 

TmBi, whtrt many Exp<rhm<nt$ ttf tkhkind, madthy Mr. Boyle, trtrtcttdtd. 

ONeday I included in the vacuum an Infect which refembJes 
a Beetle, but is a little bigger; andvvhen I perceived it 
to appear dead, I gave it Air again, and itfoon after recovered. 
Then I put it in the vacuum again , and having left it there ,for an 
hour, I readmitted the Air, and found, that the Infeft needed then 
much more time to recover* I included it there the third time, 
and having left it there two daies , I gave it Air again, andfaw, 
it needed above ten hours before it began to ftir again 5 yet it re- 
covered well enough this time : But having put it in again the 
fourth time, and. left it there eight daies, it would never ftir 
again. 

Intending to try the likeupon a Butterfly , I Paw, that when I 
readmitted Air to it, that thetopof its back, which before was 
much fwelled,did fall-in more than it fihould, and thelnfeft would 
not recover, 

J alfo killed in the vacuumwnwy Animals that breath, as Birds, 
Qjtfice,RatSi Rabbets, Cats 1 and fomeof them [ recovered by 
quickly giving them Air again; .before the Engine: was quite ex- 
haufted ; but I never (aw any of them revive, that had been in a 
perfect vacuum. 

Monfieur G»/W<? did make frequent DiffecVions of filch Animals 
as we had thus killed , and obferved among other things, that 
their Lungs fell to the bottom in water, fn a little Book of his, 
printed of this Subjec}, he hath declared his opinion concerning 
this Experiment. He being a lover of truth, I am perfwaded, 
he will not rake it amifs,if 1 deliver my fentiment about it,which 
I think more probable than his. 

He faith, that the Solidity or Clofenefs of the Lungs of Ani- 
mals that havedied in vacuo, comes from hence , that the Blood, 
which is propelled into the Lungs by the Vena arteriofa, doth fo 
ftrongly prefsrhe bronchi of the Jrteria afpera , that it exprefles 
the Air our of them, and glues as 'twere their fides to one ano- 
ther. But for my part, 1 do not believe, that the Blood of the 
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vena arteriofa can thus ccmprefs thofe bronchi , becaufe that the 
faid blood is inclofed in ics vefTels, that keep and hinder it from 
compreffiog others. Yet J am not ignorant, that the things that are 
included in the Oefofhagta do indeed comprefs the afpera arreria, 
and that the ajpera arteria by being fill'd compreffts alio the Oefo- 
phagui, upon the account of the fcituationof thefe ty,o conduits. 
But it appears not at all,that the fmalleff. ramifications of thofe bron* 
chi,and of the vena arteriofa^te fcituate in the fame manner; for,the 
bronchi being harder than the arterialvein, they will comprefs it 
more eafily, than be comprefled^r//; and fo, if you ft on Id blow 
them up with Bellows, they would glue the fidesof that vein too- 
ther, and hinder the ^Circulation : Which is diredtly contrary to 
the Experiment ; as M. G*/Vfehimfelf obferveth. 

It is therefore far more probable, that, if the Lungs becera- 
preffed, that compreffion be made by the pleura, which may ce 
fwelled witbi/tthe Breaft , as theskin is fwdkd without. But it 
isnotneceffary, that the Lungs be comprejjed in vacuo , to ma!;e 
them fubfide in water. For I havedivers times put piece , of Lungs 
and whole Lungs in the vacuum, and they remained there extreme* 
ly fwelled ; but as foon as the Air was again intromited, they be- 
came very flat and red , and funk to the bottom in water. Which 
ihews, that 'tis fufficient for getting the Air out of the Lungs, to 
render thrmclofe and red 5 and I have not been able to produce 
this effed but by means of the Exhaufting Engin. For , 1 
have left Lungs a whole night between two plates with a great 
weight upon them , to endeavour to exprefs tbe Air out of them, 
but it would not fucceed, and thofe Lungs did fill] Ooat upon the 
water. I have alfo tried to make the Air re-enter h ;o the Lungs 
after I had rendred them folic! in the Engin , and thzt I fouud 
veryeafie; for, drawing them out from the bottom of the water, 
I did blow into the afpra arteria ; and the Lungs fwelled -gain 
and refumed their ordinary colour, and floated on the wafer. hvA 
this is that which befalls the Lungs of Infants new-born. 
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Promifcum Experiments made in the Air-pump likemfe y by the 
fame Perfons. 

WHen I began firft to keep Receivers voidof Air, after the 
manner above-recited, I made ufe of Eels-skim to ap- 
ply them clofe to the Cover. But I found them not proper 
for things that are intended to be conferved a long time , becaufe 
by drying they grow fpringy , and this fpring is capable to raife 
the whole pillar of Air that preues the Receiver againft its Co- 
ver s and fo the Air gets in between , and fills the (pace ex- 
haufled. 

Afterwards I employed Mutton- skins but that flicks yet lefs 
clofe than an Eel-skin : For, aflbon as the externa! Air comes to 
prefsuponit, it makes all the water, which wetteth the skin that 
ftandsover without , enter into the emptied Receiver, and you 
may fee little drops of water coming out of the pores of the 
skin that is under the Receiver ; and after the water is all entred, 
the Air quickly gets in the fame way. 

Ac length I took a Lambskin , and by means thereof I have 
kept Receivers empty eight daies together , and never perceived 
it fail. Yet, for greater fecurity, I do put Turpentine round a- 
bout fuch Receivers as I mean to keep ftaunch a long time. 
Mean while , this difference betwixt the skins of Mutton arid 
Lambs is fomewhat remarkable, and confirms what Phyficians fay 
of the different Couftitution of bodies in Youth and old Age. 
I have afterwards found, that Paper wetted ftrves as well as a 
Lambskin ; but you muft put Turpentine about it before it be 
dry. 

One day I cover'd a Receiver , whofe fourth part was fill'd 
with water, and the reftall empty. I put it over the flame of a 
Candle, andfaw, that the water boiled very quickly, yet the 
glafs not much heated ; fo that the water boiled near a quarter of 
an hour with a great ebullition, andtheglafs was no more than 
tepid. I then took it away from the flame, and faw, that the 
water continued a very great while boiling, and that it began 
again from time to time. I then believed, that the vapours, which 
had been raifed into the Air, were rccondenfed by the cold , md 
that that made the hot water bubble up ? as water ufually doth 
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when 'tis put into the Engine, and the Air that prefies it ex- 
haufted. Meantime, I have fince made the fame Experiment with 
a Gage, and I did not perceive % that all the bubbles that ifTued 
out of the water, made the Mercury rife to fenfe. 

After this, I left my Receiver expofed to the Froft , and I 
found, that the Ice which was made therein was not yet quire 
free from- bubbles , though the water thereof had boiled in the 
vacuum, which, one would think, fliould have driven out all the 
Air: Yet the bubbles were there far Itfs numerous than in Ice 
made of ordinary water. I perceived not, that the Qiiickfi'ver 
was much rifen in the Gage* Afterwards I melted this fee , and 
put the water abroad to freez again, ftill without taking it out of 
the vacuum, and 1 found, that this fecond time it was very much 
freer from bubbles. The Glafs did not break; but becaufe it 
was fomewhat conical, we could not know, whether ir remained 
whole upon the account of its figure, or becaufe that the water, 
which was frozen within, was freed of Air: And I could rot 
make the Experiment with glafTes of another figure, becaufe .the 
Froft did ceafe. 

After this , I made Spirit of Wine boil in vacuo in the fame 
manner I did the Water; and I faw, that it boiled muchfooner. 
It made the Mercury rife about an inch in the Gage* Then 1 took 
it frero the fire , and faw it continue in its boiling 5 and even 
finking the Receiver into cold water, it thereupon boiled much 
more ftrongiy. One would think , this proceeded from an Anti- 
fetiftap ; but we have more ground to fay, it came from hence , 
that the vapours of the Spirit were condenfed, and fo made the 
Receiver more empty ; which is fufltkient to make the Spirit of 
Wine boil, even though it were not hot. The Quickfilver did 
in two hours fubfide again, to near half a line as low as it had 
been. Then I put the Receiver over the flame again , and made 
the Mercury rife more than two inches 5 but then the Receiver 
cracked. 

One day I took a Tube of PUfterof Tar is , open at one end , 
and clofe at the other. I applied the open end to the cement as I 
was wont to do Receivers ; and I faw it was not pcffible thus to 
exbauft it, becaufe the Air did eafily pafs through the Platter. I 
put therefore a Tube of Iron on the Engin , fo as having filled it 
with water, the Tube of Plafter was cover'd therewith; and 
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then having caufed the Pump to be plied, I found, that the Water 
did pzfs tts eafity through the faid Plafter. I therefore cover'd ic 
with Venice-Turpentine inftead of water, and then I faw, that it 
evacuated very well, and that nothing paffed through it for the 
fpace of two hours. Then I took fome Oyl very hot , and pou- 
red it over the Turpentine, which did melt by this heat and paffed 
through the Piafter. Then 1 took off this Tube which was fo 
pervaded by the Turpentine, and I faw,thtt that had made it trans- 
parent. Which effecl: is pretty like , and is to be explicated in 
the fame manner as, (that of the little Stone called O cuius munii. 
Thus we may be ailifted by the Weight of the Air to make divers 
forts of Glues penetrate Plafter, baked Earth, Wood, &c. And 
poffibly thole, who fliall make a good number of fuch trials, will 
find their labour and pains recompenced, by giving to thofe ma- 
terials fuch properties, as they never had before. 

I did alfo put fome £^j in the vacuum, and one day I faw one 
of them break, which ] had puc in a fmall Receiver. It burft 
upon the very firfl fusion : But fince that time I could never make 
any break, though I exhaufted as much as I could, thofe Re- 
ceivers wherein I had put fome. You mult therefore begin to 
cnck them a little before you put them in the vacuum, and then 
i hey do eafily break quite, and what is in the Egg rifeth all into 
a very thick froth. I alfo put fome of thefe, thus order'd , over 
the fire, where chey boiled very eafily, not being preffed by the 
Air, but they boiled there very long, before it began to appear 
that they were fo boiled as to be ready to eat. 

All the little bubbles that appear in Mujlard, do fwell and 
break in vacuo , and after that , the Muftard is feen to be without 
bubbles. 

One day I included a blach Ribbon in the vacuum , and then 
burnt it with a Burning-glafs. Abundance of fmoke iffued out of 
it, which fell by little and little, and fo permitted us to fee the 
Ribbon plainly ; which appeared not at al! changed. But after 
I had returned the Air unto it,and touched it, I found it all turn'd 
to allies. 

Another time I caufed alfo fome Gunpmier to be burnt after 
the fame manner; and I was much furprized to fee, that it burnt 
grain by grain , none of the grains kindled "firing thofe which 
touched. Another time when the Sun had lefs force, I could not 
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at all -kindle the Powder , but I made it only beil and emit ftore 
of fmoke. I had put a Gage in the fame Recipient, by means 
whereof I obferved, that all that fmoke produced no Air ; for the 
Quickfilverdid not rife in the Tube. I noted alfo, that this 
fmoak falling upon the Paft-board, on which I had put the Pow- 
der, appeared yellow of the colour of Brimftone. After that , t 
took out the Powder that reroain'd, being like a black mafs , and 
having put it upon burning Coals, 1 Taw it burned as doth Salt- 
Peter ; and fo it appear'd, that the fulphur was almoft all exhaled. 

I was willing to reiterate this Experiment, and I then favv,that 
the Powder, after boiling, fuming, and being kindled grain by 
grain, (as in the firft Experiment,) at laft flafnes out all at once, 
when one hath the patience to hold the fire to it with a Burning- 
glafs. And when the fumes are grown clearer, you may fee needles 
of Saltpeter flicking to the fides of the Receiver. 

Another time, I put the weight of 12 or 15 grains of Powder 
in a glafs fhaped like a Cupping glafs , capable to hold 14 ounces 
of water, and having put fire to it, I made the Powder boil and 
fmoak as ufually. Afterwards , feeing that the corns began to 
crack very near one after another ; I then took away the burning 
Concave, for fearallfliould be kindled together : But it was al- 
ready too late ; for, the corns did continue to crack longer than 
afecondof time, and at laft all kindled , though there was then 
nothing left to heat them but the fire which they had kept within 
themfelves. The Receiver was lifted up above a foot high, with- 
out breaking. 

Another time, I put the weight of xS grains of Powder, to- 
gether with a Gage , into a Receiver holding feven pound water 5 
and I faw, that the Powder was more difficult to be kindled, 
than in fmall Receivers. Yet at length it was kindled altogether, 
and made the Quickfilver rife to the height of an inch and a half in 
the Gage; and I am very well afTured, that all that Air was not 
come from without 5 for that part of the Receiver, to which the 
Cover isapplied, had alwaies been under water. 

From what 1 have been relating, it may be concluded , that 
there is a fifth part of Air in Gunpowder ; fuppofing, as other 
Experiments do fhew , that Air is about a thousand times lighter 
than Water. For, in this Experiment , the Mercury did rife to 
the eighteenth part of the height where the Air commonly fufrains 
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it j and confequently the weight of 18 grains of Powder did 
yield Air enough to fill the eighteenth part of a Receiver that 
contains feven pound of water. Now, this eighteenth part con- 
tains 49 drachms of water : Wherefore the Air , that takes up an 
equal fpacc, being 1000 times lighter , weighs — of 49 drachms, 
which is mere than -$' ; grains. It follows therefore, that the 
weight of 1% grains of Powder which 1 employed in my Experi- 
ment, contained more than 3 \ of Air, which is about the fifth pare 
of eighteen grains. 

ftmayalfobe calculated, how many times this Air hath been 
comprefTed in the Powder: But this calculation is more uncer- 
tain than the former, becatife we know not, whether this Air took 
up more or lefs than the fifth part of the fpace which the Powder 
polfefled. But yet 'ris certain, that, though it had even taken up 
three fourths of the whole room of the Powder, and that the four- 
teen grains of the other matter had taken up no more than the one 
remaining fourth part , flill this Air would have been comprefTed 
about three hundred times. To calculate this , I fuppofe, that 
the fpace of a Cubic foot can hold only 7 2 pound of Gunpowder, 
which do contain more than 14 pound of Air, by the foregoing 
zdculm ; -which quantity of Air is therefore found inclofed in the 
three fourths of a Cubic foot. Now, this fpacc doth ufually con- 
tain but about fix drachms of Air: Wherefore, to make it hold 
fourteen pound of Air , which is near three hundred times fix 
drachms , it muff, needs be, that that Air be comprefTed near three 
hundred times. 

There is rtafort to believe, that this Comprefllon is much 
greater, becaufea Cubic f ot can hold much more thanfeventy 
two pound of Powder, and becaufcalfo that the fifth \mt of the 
weight mil ft not, in appearance , pofTefs alone the three fourths, 
and all the reft take up no more than one fourth of the fpace pof- 
fefTed by all the Powder. 

I fliould therefore make no difficulty to believe , that all the 
cfieft of Gunpowder conies from the Air which is comprefTed 
therein, and especially in the Saltpeter; for I have not ob- 
ferved, that Brhnftone yields Air. P>«ffib!y alfo we may find in 
time, that all other Fulminations , Ebullitions and Fermentations, 
that make fuch furprizing motions, are nothing elfe but Air com- 
prefTed expanding it felf. 

An 



